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Abstract 
 
    In the Indian energy scenario projections for the future, the nuclear power through fast reactors is 
expected to play an important role of ~ 20% of total installed capacity by 2052. Successful operation of 
40 MWt/13 MWe capacity Fast Breeder Test Reactor(FBTR) since 1985, strong R&D executed in 
multidisciplinary domain backed up by manufacturing technology and construction of 500 MWe 
Prototype Fast Breeder Reactor (PFBR) based on indigenous design have provided high confidence on 
the success of sodium cooled fast reactor technology. PFBR is a pool type MoX fuelled reactor 
designed with 2 primary sodium pumps, 2 secondary loops, 8 single wall integrated once through 
steam generators, and a rectangular containment. PFBR is presently under advanced stage of 
construction. 
    Beyond PFBR, it is planned to construct 6 more FBRs of 500 MWe capacity each. Towards this, a 
systematic roadmap has been drawn for improved economy and enhanced safety through a number of 
measures. Roadmap for necessary R&D and manufacturing technology has been well detailed. The 
major features incorporated are twin unit concept, plant life increased to 60 years in comparison to 40 
years for PFBR, reduction in number of steam generators from 8 to  6, reduction in special steel 
specific weight requirements, integrated primary sodium purification, enhanced reliability of shutdown 
systems, enhanced diversity in decay heat removal systems, enhanced in -service inspection, and 
compact plant layout. 
    Beyond 2025, a series of 1000 MWe capacity metallic fuel with higher breeding potential are 
planned. R&D activities have been systematically formulated for metallic fuel development of both 
sodium bonded and mechanical bonded design. 
    The paper addresses the highlights of current operating experience of FBTR and its life extension, 
construction status of PFBR, and design features of future sodium cooled fast reactors in India. 
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1. Introduction 
The Integrated Energy Policy of India forecasts that the installed capacity requirement in 2031-32 
would be about ~ 800 GWe against present installed capacity of 164.5 GWe. The projection for 
installed capacity requirement in 2051-52 is ~ 1350 GWe.  
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Currently the share of nuclear power in India is about 3%. However, increasing power demand, 
maturity in implementing Pressurised Heavy Water Reactors (PHWRs), R&D progress towards the 
Fast Breeder Reactor Technologies, huge reserves of thorium in the country, the successful conclusion 
of international civil nuclear co-operation, attribute of nuclear power in balancing the energy needs and 
providing energy security are all the opportunity factors for the rapid growth of nuclear power in India.  
    India’s three stage nuclear power programme places emphasis on closed fuel cycle, in which the fuel 
from natural uranium fuelled PHWRs of first stage is reprocessed to obtain plutonium. As a logical 
follow up in the second stage, plutonium based fast breeder reactors are planned so that a sizeable 
capacity can be established and eventually thorium based reactors can be set up and sustained for a 
long time in the third stage. Presently known exploitable uranium reserve in India can cater to only 10 
GWe capacity based on PHWRs, pointing to FBRs with a closed cycle as an inevitable option in view 
of its efficient uranium utilization. Further, FBRs are essential for converting 232Th to 233U required for 
third stage of above stated nuclear programme. Closed fuel cycle also permits significant reduction of 
the wastes for long term management. 
2. FBR Programme in India 
    The Indian fast breeder reactor programme was started with the establishment of Reactor Research 
Centre (then called Indira Gandhi Centre for Atomic Research) dedicated to the development of fast 
reactor science and technology along with a decision to construct Fast Breeder Test Reactor (FBTR), 
under collaboration with France, at Kalpakkam. FBTR is sodium cooled loop type 40 MWt / 13.2 
MWe experimental reactor and was commissioned in 1985. The experience gained in the construction, 
commissioning and operation of FBTR as well as worldwide FBR operational experience, 35 y of 
focused R&D programme involving extensive testing and validation, material and manufacturing 
technology developments and demonstration, peer reviews and synergism among DAE, R&D 
Institutions and Industries, have provided the necessary confidence to launch a Prototype FBR of 500 
MWe capacity (PFBR). The reactor construction was started in 2003 and the reactor is scheduled to be 
commissioned by 2012.  
    As a follow-up to PFBR, it is planned to construct six units of 500 MWe reactors based on MOX 
fuel and twin unit design with improved economy and enhanced safety. Beyond these seven units, 
metallic fuelled reactors of 1000 MWe unit capacity, with emphasis on breeding, will be deployed. 
    In the following paragraphs, brief of FBTR operating experience and life extension exercise, brief of 
PFBR design & construction and approach to design of future MoX and metallic fuel FBRs are 
highlighted. 
3. Fast Breeder Test Reactor 
    Fast Breeder Test Reactor (FBTR) is based on French collaboration on Rapsodie reactor. Though 
adapted from Rapsodie, FBTR has several major design modifications. In order to gain experience on 
complete power plant, four once-through steam generator modules along with turbo-generator have 
been incorporated in FBTR. FBTR attained first criticality in 1985. The current main characteristics of 
FBTR are given in Table 1. Fig.1 shows the current core configuration. 
    FBTR uses, a unique fuel, a mixture of carbide of plutonium and uranium for driving the reactor. 
The progressive enhancement of fuel burn-up from 25,000 MWd/tonne to 165,000 MWd/tonne has 
been achieved based on post irradiation examination at intermediate stages  and detailed analysis. 
    A fuel test subassembly of PFBR (MOX fuel) is presently under irradiation in FBTR and has 
reached a burn up of 1,08,000 MWd/tonne against an enhanced target of 112,000 MWd/tonne. 
     The performance of the reactor is commendable as there has not been single cladding breach and 
tube leak in single wall steam generators. The performance of sodium systems, in particular sodium 
pumps and sodium purification circuits is excellent. 
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Table 1- Main Characteristics of FBTR 
Parameters 
Reactor power  MWt / MWe 18.0 MWt / 3  MWe 
Fuel Mark I (70% PuC + 30% UC) 
Mark II (55% PuC + 45% UC)  
MOX (44% PuO2 + 56% UO2) 
No. of Fuel Subassemblies  27 Mark I + 13 Mark-II + 6 MOX (+ 1 PFBR Test ) 
Fuel pin diameter / No. of pins per SA 5.1 mm (MK-I & II) / 61 pins per SA 
6.6 mm (MOX) / 37 pins per SA 
Primary circuit configuration Loop 
Number of primary & secondary loops  2 
Primary sodium at reactor inlet/outlet Temp. 380 / 485ºC 
Steam conditions at TSV kg/cm2/oC 125 kg/cm2 / 460ºC 
Peak neutron flux n/cm2/s 3.15 x 1015 n/cm2/s 
dpa/efpy 51  
Maximum linear heat rating W/cm 400 W/cm 
Number of steam generator modules/loop 2 
Deliberate operation with 3 tubes out of 7 tubes 
plugged to raise reactor sodium outlet temperature. 
TG bypass circuit 100% capacity with dump condenser 
   
    The reactor has faced two major incidents viz. fuel handling incident in 1987 and sodium leak in 
2002 in primary sodium purification circuit in the inerted cabin due to manufacturing defect in a valve. 
The incidents have been extremely useful in demonstration of the indigenous capacity in overcoming 
the problems faced. 
    Life extension exercise is almost completed to keep FBTR operational for fuel and structural 
material irradiation for the next ten effective full power years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1.FBTR Core Configuration 
 
FBTR will be utilized to test the metallic fuels on a large scale. A substantial part of the core will be 
based on metallic fuel subassemblies by the year 2017. 
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4. Prototype Fast Breeder Reactor (PFBR) 
    The experience and the expertise gained in the manufacture of FBTR reactor components, 
construction and operation of FBTR with excellent performance of the fuel and sodium systems, and 
strong R&D back up provided confidence to launch the 500 MWe PFBR. 
    Indira Gandhi Centre for Atomic Research (IGCAR) is responsible for the design, R&D, 
manufacturing technology and regulatory clearances. A new corporate company BHAVINI has been 
constituted to construct and operate the reactor with technical support from IGCAR.  
The main characteristics of PFBR are given in Table 2. 
 
Table 2. Main Characteristics of PFBR 
Parameters 
Reactor power MWt / MWe 1250 / 500 
Fuel PuO2-UO2 (2 
zones) (annular 
pellets) 
Fuel pin diameter/number of SA 6.6 mm / 217 
Primary circuit configuration Pool 
Number of primary sodium pumps 2 
Number of IHX per loop 2 
Number of secondary sodium pumps  2 
Number of steam generators/loop 4 
Number of shutdown system 2 
Number of decay heat removal 
systems 
2 (OGDHR and 
SGDHR) 
Primary sodium at reactor 
inlet/outlet Temp. oC 
397 / 547 
Steam conditions at TSV kg/cm2 / oC 170 / 490 
Containment building RCC 
rectangular 
shape 
Plant life calendar years 40 
 
    PFBR has been planned as a techno-economic demonstration reactor on industrial scale, as it is the 
forerunner in the series of fast reactors to be constructed. Cost effective design has been made by 
decreasing the number of components, increasing the design life to 40 years and detailed optimization 
studies. Fig 2 shows the vertical section of PFBR reactor assembly. 
     As the PFBR is primarily based on indigenous technology, R&D and manufacturing technology 
developments of important nuclear components were undertaken and have been successfully 
accomplished. 
    The reactor is in an advanced stage of construction. The reactor construction with the exception of 
Tsunami that struck the Kalpakkam coast on 26 December 2004 has been smooth. The Indian 
industries have demonstrated the capabilities to build reactor components to challenging manufacturing 
requirements. The important components of reactor viz. safety vessel, main vessel, thermal baffle, core 
support structure, grid plate with associated primary piping and inner vessel are already in position. 
The manufacturing of shutdown systems has been successfully completed. 
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Fig.2. PFBR Reactor Assembly 
5. Approach from PFBR to future FBR 
5.1. Economic factors and design approach 
    Economic competitiveness is vital for commercial deployment of fast reactors. Significant design 
efforts are necessary to reduce the capital cost of future FBRs coupled with enhanced safety. Therefore, 
there is challenge to identify the critical influential parameters that govern the overall cost and safety, 
and efforts are channelised to optimise the same with focused R&D keeping in view the international 
experience. Lessons learnt from PFBR in plant layout, civil construction, manufacturing of NSSS 
components in particular technical specifications, tender packages and regulatory review will be 
incorporated in design and construction of future FBRs.  
    A detailed review of the capital cost break-up of PFBR indicates that reactor assembly, sodium 
circuits and fuel handling systems require closer scrutiny for possible cost reduction measures and there 
is little scope in BoP due to the level of standardization and maturity in its associated systems. Apart 
from the above, analysis of unit energy cost of PFBR reveal further tangible benefits of enhancing plant 
thermal efficiency, fuel burn-up, plant capacity factor, reducing construction time, multiple unit 
construction, policy measures on financial parameters such as depreciation rate, return on equity, 
interest rate etc (Fig.3). 
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Fig.3. Factors influencing overall costs 
    Through above exercise and also based on experience with construction and operation of FBTR and 
FBR worldwide and state of art R&D w.r.t sodium cooled fast reactors (SFR), well defined 
optimization objectives / targets are defined for future FBR, also called as Commercial Fast Breeder 
Reactor (CFBR). Table III broadly summarises the design parameters of CFBR in comparison to 
PFBR. 
    It is planned to construct 6 units of 500 MWe capacity beyond PFBR. A systematic roadmap made 
for the cost reduction for FBRs through above measures /  mechanisms reveal cost benefit of ~35% 
reduction in tariff for CFBR 3 to 6 in comparison to PFBR on constant money basis and same debt: 
equity ratio. 
 
Table 3 - Basic Design Parameters for CFBR 
PARAMETER CFBR PFBR 
Power MWe 500 500 
Design Life 60 Calendar years 40 Calendar years 
Primary Circuit Pool with No Primary Sodium 
Outside Pool 
Pool External Purification 
Fuel  MoX MoX 
Fuel Burn-up 200 GWd/t (in phased manner) 100 GWd/t 
Load Factor 85% Load Factor 75% Load Factor 
Unit  Twin Single 
Number of 
Primary Pumps 
Secondary Pumps 
IHX/ Loop 
SG/Loop 
 
2 
2 
2 
3 
 
2 
2 
2 
4 
SG Design Tube Length 30m 23m 
Spent Fuel Storage  Water Water 
 
5.2. NSSS and components design 
    Significant design changes have been envisaged in a few of the major components based on design 
and manufacturing experience with PFBR. For example, the changes in arrangement of shielding 
around the core, reactor assembly, sodium circuits, fuel handling, materials of construction, in -service 
inspection are briefly highlighted below: 
5.3. Reactor shielding around the core 
    The PFBR core is configured with 609 SS (in 6 rows) and 417 boron carbide sub-assemblies (in 3 
rows) for radial shielding. For CFBR, it is proposed to use ferroboron as a shield material in 8 rows. 
Commercial ferroboron in the form of powder has 16 wt% of boron with the bulk density of around 4 
g/cm3. Necessary R&D planned with the exception of tests in FBTR has been satisfactory completed. 
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5.4. Reactor assembly 
    Significant design changes are being contemplated in design of major reactor assembly components 
with a view to optimize the design and reduce special steel specific weight. Reduction of ~ 25% in 
special steel specific weight is targeted. Fig. 4 shows the options under detailed studies for CFBR. The 
adoption of fully welded design concept for grid plate with reduced number of sleeves that support only 
the core subassemblies requiring coolant flow and spike supporting arrangement for other peripheral 
subassemblies has resulted in 55% reduction in overall weight of grid plate. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Design Features of CFBR Reactor Assembly  
 
    For reducing the shielding and reduction in height of components penetrating the top shield, thick 
plates with machined gaps are planned for CFBR over welded box top shield with unmachined 
penetrations for PFBR. The number of primary pipes feeding the primary sodium from pump to core 
has been increased from 2 to 4 per pump (Fig.5) to minimize the consequences of double ended 
guillotine rupture of one of the primary pipe classified as a  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Layout optimization of primary pipes connecting pump header and grid plate 
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Fig.6. Welded grid plate with improved design features 
    Category 4 design basis event, and to reduce the grid plate height as a result of reduced pipe 
diameter. Fig.6 shows the features of welded grid plate. 
 
5.5. Heat transport system 
    PFBR steam generator tube length is 23 m. SG for CFBR is being designed with a tube length of 30 
m (Fig.7) resulting in reduced number of tube to tube sheet welds by ~ 40% and in turn enhancing the 
reliability against sodium-water reaction. Detailed optimization studies have resulted in a design with 3 
steam generator modules/loop. The overall savings in steam generator design for CFBR over PFBR is ~ 
26% based on industry cost inputs. 
    In-vessel primary sodium purification concept has been taken for design and development  of CFBR 
in comparison to ex-vessel purification for PFBR from safety and economics consideration. 
    Safety grade decay heat removal system with heat rejected to air from reactor pool has been retained 
for CFBR with the change of enhanced diversity in intermediate sodium and air flow. It is envisaged 
that 3 loops work in natural convection mode and other 3 loops normally work in forced circulation 
mode with an electromagnetic pump and air blower in each loop . These 3 loops are also designed to 
work with reduced thermal capacity of ~ 60% under natural convection mode. The rating of each of the 
six dedicated loop for CFBR is 6 MWt against 8 MWt for each of the four dedicated loop for PFBR. 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Steam Generator 
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5.6. Fuel handling system 
    The fuel handling system in PFBR uses a combination of two rotatable plugs, an offset arm type in -
vessel handling machine (Transfer arm), inclined fuel transfer machine for ex-vessel handling and a 
water pool for ex-vessel storage of subassemblies. For CFBR (Fig.8), the single ex-vessel water pool 
storage is retained with number of storage locations optimised to meet the normal storage requirements 
of both units and emergency full core unloading of one unit. The use of flask type transfer in place of 
the inclined fuel transfer machine is envisaged. The handling flask is common to both the units. The 
offset arm type concept is retained for in-vessel handling and two such machines will be utilised. The 
sodium cleaning and decontamination systems are housed inside the Reactor containment building in 
PFBR. For CFBR, significant reduction in the cost of fuel handling system is envisaged by sharing the 
fuel handling and decontamination facilities between both the units. The decontamination system is 
also located outside the reactor containment building in a separate building common to both the units. 
Use of water inside RCB is thus minimized resulting in enhanced safety. 
 
5.7. Materials of construction 
    With a view to enhance the fuel burn-up progressively, use of 9 Cr-1Mo for wrapper, improved 
austenitic stainless steel 20% cold work D91 for cladding in the first few cores for burn -up upto 150 
GWd/t and subsequently oxide dispersion strengthened steels for burn -up upto 200 GWd/t is 
envisaged. Use of 304LN in place of 316LN for cold leg near core components and use of Cr-Mo in 
place of 304LN/316LN for secondary sodium system are the areas of focus for reducing material costs 
of future FBRs (Table 4). 2¼Cr-1Mo is under study for secondary sodium storage tank and auxiliary 
cold leg piping, and modified 9Cr-1Mo is under study for surge tank and hot leg piping. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. CFBR Fuel Handling System 
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Table 4. Materials of construction 
Component PFBR CFBR 
Clad 20%CW 15Cr-15Ni+Mo+Ti+Si 
ASTMA 771 
20% CW 15Cr-
15Ni+Mo+Ti+Si+B+P 
Wrapper -do- 9Cr-1Mo 
Main Vessel 316LN 316LN 
Safety vessel 304LN Carbon steel (A48P2) 
Grid plate, Core support 
structure 
316LN Study for 304LN 
IHX 316LN 316LN 
Steam generator Modified 9Cr-1Mo(Gr.91) Gr.91 
Secondary sodium piping 316LN Study for Cr-Mo. Linked to 
availability of sodium valves in 
Cr-Mo 
Sodium pumps, Sodium tanks  304LN 404LN 
 
5.8. In-service Inspection 
    For CFBR, an in-service inspection device capable of maneuvering within a smaller 200 mm 
nominal radial gap between the main and safety vessel is planned in comparison to 300 mm nominal 
gap for PFBR. Development of examination and crack detection/repair under sodium is also planned. 
 
5.9. Plant layout 
    For CFBR twin unit design, emphasis is placed on achieving sharing of facilities without 
compromising safety. Fuel building, rad-waste building, decontamination building, control building, 
electrical building, site assembly shop and the non-safety related plant services, other than turbine 
building, are shared. 
 
6. Summary 
    Fast breeder reactors with closed fuel cycle are an inevitable technology option to the energy 
security for India. Fast breeder test reactor is serving as an excellent facility for research and 
development for irradiation of fuel and structural materials, and enhancing confidence in sodium 
technology. 500 MWe Prototype fast breeder reactor is a techno-economic demonstration of indigenous 
technology and is expected to be in commercial operation in 2012. Beyond PFBR, economic 
competitiveness is important for rapid commercial deployment of FBRs. Towards this, the design 
studies carried out in achieving improved economy and enhanced safety for the future 500 MWe twin 
unit FBRs, with a plant life of 60 years are brought out. Further, the roadmap for large scale 
deployment of FBR towards ensuring energy security for the country is planned through the metallic 
fuel reactors with emphasis on breeding gain. 
 
 
